This study was conducted to compare random regression models for third order Ali Schaeffer (AS), Wilmink (W) and Legendre polynomials (L) on estimation of genetic parameters for first lactation milk yield in Jersey cows. For this aim, data used in this study were 6387 official milk yield records from monthly recording of 686 first lactations between 1996 and 2011 in Karakoy Agricultural State Farm, Samsun (Turkey). In this study, (co)variance components, heritability for first lactation test day milk yields (TDMY) and genetic correlations among these TDMYs were estimated by using DFREML statistical package under DXMRR option. To compare the models, -2LogL, Akaike's information criterion (AIC), Bayesian information criterion (BIC), Residual variances (RV) and Log likelihood values were used. Heritabilities (0.08 to 0.28), additive genetic correlations (0.68 to 0.99) and phenotypic correlations (0.21 to 0.66) were estimated by AS(4,4) random regression model which had the lowest AIC and BIC values. As a result, it was decided that the AS(4,4) random regression model can be used for management decisions and genetic evaluation of Jersey cows for milk production.
A Comparison of Some Random Regression Models for First Lactation Test Day Milk Yields in Jersey Cows and Estimating of
Genetic Parameters [1] Soner ÇANKAYA [1] . One of the main incomes is milk production for dairy cattle farms and therefore milk yield records have great deal of importance for dairy herds [2] . Milk yield is a trait where the phenotype of an animal can be represented by a continuous function of time. Thus, this trait is characterized by a trajectory with a theoretically infinite number of measurements [3] . Therefore, an appropriate model is one that considers a complex covariance structure. In the infinite-dimensional approach, the covariance structure is modeled as a Covariance Function (CF) [4] . A useful tool for the estimation of CF is the Random Regression Model (RRM) [5] .
Recently, Test-Day Models (TDM) based on different random regression functions have been suggested for the genetic evaluation of dairy cows. TDMs analyzes individual test-day records instead of 305 day milk yields of cows, which are currently used by Ptak and Schaeffer [6] , Swalve [7] , Jamrozik and Schaeffer [8] , Pool and Meuwissen [9] , Schaeffer et al. [10] , Takma and Akbas [11] , Takma and Akbas [12] , Bignardi et al. [13] , Galic and Kumlu [14] .
Moreover, Random Regression Models are able to predict covariance structures among the test day points along a continuous scale [15] . Thus, the (co)variances between records for additive genetic and permanent environmental effects can be described by using different covariance functions as Ali-Schaeffer [16] , Wilmink [17] or Legendre polynomials [12] . Several Random Regression Models (e.g Wilmink, AliSchaeffer or Legendre polynomial models) were used to estimate the genetic parameters of milk yields and to compare the each other [18] [19] [20] [21] [22] . However, it cannot be founded a study on the applications of random regression models for estimating the genetic parameters of Jersey cows. Thus, the aims of this study are to compare of different order Ali-Schaeffer, Wilmink and Legendre polynomial random regression models and to find the best model that provided a good description of the genetic parameters for Jersey herds.
MATERIAL and METHODS
Data were 6387 first lactation milk yield official records from monthly recording of 686 lactations between 1996 and 2011 (over 15 years) of Jersey cattle herd under pasture-based dry seasonal production system in Karakoy Agricultural State Farm in Samsun (Turkey). Also, each data set was composed of the test days and the total amount of milk at the morning and evening milking of the test days. The lactation had variable length with a minimum of 150 and maximum of 305 days long. The average and standard deviation of test-day milk yields were 12.71 and 3.35 kg, respectively and a coefficient of variation of 26.38%.
In general, Random Regression Models (RRM) include lactational submodels, frequently using the lactation functions proposed by Ali and Schaeffer [16] and by Wilmink [17] . The first has shown better performance in adjusting observed daily phenotypes. The second, with a good adjustment performance, provides a more parsimonious model. Beside, Legendre polynomials (L(2,2), L(3,3) L(4,4)) were used to describe the (co)variance matrix within a Random Regression Test Day Model. Previous studies suggest that at least a three coefficient polynomial is needed to model the (co)variance structure of the random components of the data for RRM based on Legendre polynomials [21, 23, 24] .
In this study, (co)variance components, heritability for first lactation test day milk yields (TDMY) and genetic correlations among these TDMYs were estimated by derivative-free REML (DFREML) statistical package using a RRM models Ali-Schaeffer, Wilmink functions and Legendre polynomials under DXMRR option [25] with different orders of fit for additive genetic (α jm =2,3,4) and permenant environmental effects (p jm =2,3,4) [12] .
The equation for all the models analyzed can be written in scalar notation as:
Where; The RRMs were compared using the Akaike's (AIC) and Schwarz's Bayesian (BIC) information criteria [26] , as well as by the exam of the variance components, the eigenvalues of the covariance functions and correlation estimates between milk yields on different test-days. The AIC and BIC ÇANKAYA, TAKMA ABACI, ÜLKER allow the comparison between non-hierarchical models and penalize those models that contain a larger number of parameters, with the BIC attributing a more rigorous penalty [27] . AIC was computed as:
where k is the number of free parameters in the model. The model with the minimum AIC is chosen as the best approximating model, i.e. the closest one to the real and unknown process that generated the observed data [24, 28] . BIC was computed by the expression:
where k is as in AIC criteria, and, using REML, λ=n-r(X), n being equal to the number of test day records and r(X) equal to the rank of the systematic effects incidence matrix. The lowest BIC specifies the best fitting model [24] . Significant differences in the fit of Legendre polynomials with order from k=2 to k=4 were tested using a chi-square (χ 2 ) test of the likelihood [11] .
RESULTS
In the present study we used Ali Schaeffer, Wilmink and Legendre polynomials of different orders to model genetic and permanent environmental variations during lactation. Estimated the logarithm of the likelihood function (-2LogL), Akaike's Information Criterion (AIC), Bayesian Information Criterion (BIC) and Residual Variance (RV) for used models were given in Table 1 . In studied models, the number of parameters ranged from 7 to 21. Values of the AIC, BIC and -2LogL were changed between 14213.06 and 16694.53.
The maximum log likelihood values and changes in the log likelihoods from the models with different orders of fit were presented in Table 2 . While -2LogL values were increased, AIC, BIC and RV values were decreased with increasing order of model. The most change in the estimated log likelihood values for order of fit estimated by Ali-Schaeffer, Wilmink and Legendre polynomials have been found to be significant (P<0.05). In Table 3 , first three eigenvalues of the additive genetic (co)variance matrix and their relative proportions (in parenthesis) estimated by Ali-Schaeffer, Wilmink and Legendre polynomial random regression models were given. The fourth eigenvalue had negligible proportions.
Eigenvalues of the estimated permanent environmental (co)variance matrix and their relative proportions (in parenthesis) were given in Table 4 for different order of fit with Ali-Schaeffer, Wilmink and Legendre polynomial models. Fig. 1 . The values were changed from 0.03 to 0.68. Heritability, additive genetic and phenotypic correlations between TDMYs estimated from AS(4,4) models were given in Table 5 .
DISCUSSION
Choice of best model partly depends on the criteria's (-2LogL, AIC, BIC and RV values). The W(2,2) models had the highest values for AIC, BIC and RV (15243.14, 15290.25, 2.63 respectively), while the W(4,4) models had the highest values for -2LogL (16694.53) ( Table 1 ). According to estimated AIC and BIC by using the Ali-Schaeffer and Legendre polynomials were better than the finding of Wilmink function. Similar results have been reported by Takma and Akbas [12] , Bignardi et al. [13] and Costa et al. [22] . While the AS(4,4) models had lowest AIC, BIC and RV values, the AS(2,2) models had lowest -2LogL values. Also, AIC, BIC and RV values were decreased while -2LogL values were increased with increasing order of model.
Although the L(3,3) model had the largest change (4.07%) of Log likelihood values, the Ali-Schaeffer and Legendre polynomial models which had the lowest AIC and BIC values was better than the Wilmink model in terms of Log likelihood values (Table 2) . So, the AS(4,4) model showed a good fit than other models ( Table 1 and Table  2 ). At the same time, the L(4,4) model have nearly similar values with AS(4,4) model.
For estimated values by Ali-Schaeffer, Wilmink and Legendre polynomial models, first eigenvalues belonging to additive genetic effect account for over 95% of total variation (Table 3 ).
For estimated values by Ali-Schaeffer, Wilmink and Legendre polynomial models, first and second eigenvalues belonging to permanent environmental effect account for over 90% of total variation. But second and third eigen values of W(3,3) models for permanent environmental effect account for over 90% of total variation. Also, the second eigenvalues for the L(2,2) model was account for 99% of total variation (Table 4 ).
The heritability estimates for TDMYs from W(3,3) model and L(2,2) model showed higher variability from other models (Fig. 1) . This figure showed that the estimates of heritability for W(4,4) model was similar at early part of lactation and was higher from other models in the rest of the lactation. Additionally, for estimates the Ali-Schaeffer and Legendre Polynomials models were determined to be better than Wilmink model. Also, the estimates of heritability with AS(4,4), W(2,2), W(4,4) and L(4,4) models showed higher in the middle and at the end of lactation. In there, the W(4,4) model and L(4,4) model were estimated nearly similar heritability values. While the estimates of heritability increased in the middle of lactation was similar to the study by Takma and Akbas [12] , increased at the end of lactation was not similar to the studies by Takma and Akbas [11] and Cobuci et al. [29] .
The additive genetic correlations were higher than the phenotypic correlations for AS(4,4) model (Table 5) . These findings were similar with other studies [11, 14] . While additive genetic correlations were changed from 0.68 to 0.99, the phenotypic correlations for TDMYs estimated from AS(4,4) model varied from 0.21 to 0.66. Both additive genetic correlations and phenotypic correlations were a decline, due to the increased distance between the periods. Heritability estimates were altered from 0.08 to 0.28. In addition, heritability estimates from AS(4,4) model was reached the point of peak at the middle and last part of lactation (Table 5 ). In our study, the AS(4,4) models was a better performance than others for estimating the genetic parameters of Jersey cows under pasture-based dry seasonal production system in Karakoy Agricultural State Farm in Samsun (Turkey). Also, some studies have found the same performance with Ali-Schaeffer function for Holstein Friesian cows [12] [13] [14] . Due to the fact that there has no studies comparing different order of fit (L(2.3), L(2.4), …, L(5.6), L(6.6)) Ali-Schaeffer, Wilmink and Legendre polynomial random regression model for Jersey cows in first lactation, it can be apparently declared that the AS(4,4) models can be used for management decisions and genetic evaluation of Jersey cows for milk production.
It seems that there is no consensus in literature for Jersey cows about the best order of fit Ali-Schaeffer, Wilmink and Legendre polynomials models to be used to model of TDMY with RRM. So, several RRMs obtained with these models have been compared for fitting performance and estimated genetic parameters for TDMY with the AS(4,4) models that fits best. As a result, this study would be helpful to give the literature for estimating the genetic parameters of Jersey cows with RRMs.
